Cellular immunostimulation by CpG-sequence-coated DNA origami structures by Schüller, Verena J. et al.
Supporting Information 
__________________________________________________________________ 
Cellular Immunostimulation by CpG-Sequence-
Coated DNA Origami Structures 
Email: carole.bourquin@unifr.ch.de; tim.liedl@lmu.de 
 
Table of Contents 
 
 
Supporting Figure 1 Representative flow cytometry plots and gates for B-cells and T-
cells. 
Supporting Figure 2 ELISA analysis of IL-12p70 levels of splenocytes 18 h after 
transfection with DNA origami tubes. 
Supporting Figure 3 ELISA and flow cytometry analysis of immune stimulation 
caused by CpG-H’s on inner versus outer surface of DNA 
origami tube and representative histograms of CD69. 
Supporting Figure 4 ELISA and flow cytometry analysis of IL-6 levels and CD69 
expression 18 h after transfection with lipofectamine used as 
transfection reagent. 
Supporting Figure 5 FACS analysis of splenocyte viability after incubation with 
CpG-H’-decorated DNA origami tubes. 
Supporting Figure 6 Gel, TEM and flow cytometry analysis of stability of p8634 
CpG ravel and DNA origami tube after pre-incubation in FBS. 
Supporting Figure 7 Design schematic of DNA origami tube used in transfection 
experiments. 
Supporting Table 1 Sequences of unextended staple strands of DNA origami tube. 
Supporting Table 2 Sequences of staple strands, that are optionally extended by 












  Representative flow cytometry plots (A) 2D forward versus side 
scatter dot plot: gates are set for lymphocytes. (B) Two color dot plot of fluorescence intensity 






























Supporting Figure 2. ELISA analysis of IL-12p70 levels after splenocytes were cultured in 
the presence of different DNA origami structures for 18 h. 50 μl of 2.4 nM (DNA origami 
tubes, p8634, staple strands) or 50 μl of 62 x 2.4 nM (CpG-H’ PTO, CpG-H’ chimera) of 
sample were added per 400,000 cells in a well. In all experiments, the net CpG weight was 50 




















Supporting Figure 3. (A) ELISA and (B) flow cytometry analysis of immune stimulation 
caused by CpG-H’s attached to the inner surface of the tube compared to CpG-H’s positioned 
on the outer surface of the DNA origami tube. (B) Representative histograms show CD69 











Supporting Figure 4. (A) ELISA analysis of IL-6 levels 18 h after transfection with 
lipofectamine used as transfection reagent and without transfectionreagent. 50 μl of 2.4 nM 
(DNA origami tubes, p8634, staple strands) or 50 μl of 62 x 2.4 nM (CpG-H’, CpG-H’ PTO) 
of sample and were added to 400,000 cells per well. In all experiments, the net CpG weight 
was 50 ng. Lipofectamine was applied as suggested by the supplier. Mean values are derived 
from independent cell experiments on different days. Error bars indicate the absolute 
minimum and maximum error values. Values denoted with * originate from a single 
experiment with two replicates. Error bars indicate the absolute minimum and maximum 
error. (B) Flow cytometry analysis of immune cell activation after incubation with DNA 
origami tubes. Freshly isolated splenocytes from wild-type and TLR9-deficient mice were 
incubated with 50 μl of 2.4 nM (DNA origami tubes, p8634, staple strands) or 50 μl of  62 x 
2.4 nM (CpG-H’ PTO, CpG-H’ chimera) for 18 h. Surface expression of the activation 
















Supporting Figure 5. FACS analysis of splenocyte viability after incubation with CpG-H’ 
and CpG-H’ chimera decorated DNA origami tubes. Freshly isolated splenocytes were 
incubated without DNA, with 50 μl of 2.4 nM CpG-H’ and with CpG-H’ chimera-decorated 
DNA origami tubes  for 18 h. In some conditions, lipofectamine or ethidium bromide was 
added to the culture. Dot blots from a representative experiment show the morphology of 




 Supporting Figure 6.  (A) Electron micrographs of p8634 CpG ravel and DNA origami tubes 
chimera. Scale bars: 100 nm. (B) Gel analysis of p8634, ds7249, p8634 CpG ravel and DNA 
origami tubes chimera 0h, 3h, 6h and 9h after pre-incubation in serum-containing medium. 
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Representative histograms show fluorescence shift indicating decreased uptake of p8634 CpG 
ravel compared to DNA origami tubes chimera after 4h of pre-incubation in FBS. (D) Flow 
cytometry analysis of immune cell activation after addition of DNA origami tubes and p8634 
CpG ravel 0h and 4h after pre-incubation in FBS. Freshly isolated splenocytes were incubated 
with 50 μl of 2.4 nM (DNA origami tubes, p8634, staple strands, p8634 CpG ravel) for 18 h. 
















Supporting Figure 7. Design schematic of DNA origami tube used in transfection 
experiments. blue: scaffold path, black: unextended staple strands, orange: staple strands, 
optionally extended by handle sequence for CpG-H’s. 
 










































































































































































 Supporting Table 2. Sequences of staple strands, that are optionally extended by handle  
sequences for CpG-H’s.: (A) staple sequences without handles for undecorated DNA origami 
tubes. (B) staple sequences with handles for DpG-H’s. 
(A) 
Oligo166 TCAAAGGTAATACATTTGAGGACGATAC 
Oligo167 ATCGAACTTCGACAACTCGTAGTTCAGG 
Oligo168 AGGAAGATTTAAAAGTTTGAGTGCTGTA 
Oligo169 AAATCTAACCACCAGAAGGAGATTCGGT 
Oligo170 ATTAGGAAGATGATGGCAATTATTCATT 
Oligo171 AGTTACAATACTTCTGAATAATTTGCAC 
Oligo172 AAATCGCTATTACGGAGTATCTGCATGT 
Oligo173 GTATATTTTGTTAATTTTTTAACCAAGG 
Oligo174 AATACAGGTAGAAATCAACTAATGCACC 
Oligo175 AGGTGCCGTCGAGAATCACCGTACTCTC 
Oligo176 AAATAAGAAACGATCCTTTACAGAGAAT 
Oligo177 GTTTTGTAAAAGCCTAAAGGAGAGTGAG 
Oligo178 CAGCTTTCATCAGGAACTGGCCTTCCTG 
Oligo179 ACTATCATAACCAGGCGCATAGTAAGAG 
Oligo180 CGCCACCCTCAGAAATCCGCCACCCTCA 
Oligo181 TGAACACCCTGAGATAAGACGGGAGAAT 
Oligo182 ACAGCTGATTGCGTTCACCAGTGAGACG 
Oligo183 TTGAGCTTGAAAATGTGTAGGGAAACTG 
Oligo184 CAGTCAAATCACAGTATGAGAAAGGCCG 
Oligo185 GTAATCTTGACACCACCTGACCTTCATC 
Oligo186 TGGAAAGCGCAGAGTGCTCATTAAAGCC 
Oligo187 TCAAACACTTCACAGCGATGCTGCTGAA 
Oligo188 CGTTGGTTCTCCGTGGGAACAAGTAACA 
Oligo189 AAATGTTCGAGAGGCTTTTGCCGATAAA 
Oligo190 AACTACAAATAGGAACCCATGTTCAGGG 
Oligo191 GAAACAAAGAGATAACCCACAATTGAGC 
Oligo192 GTTTTTCTTTTCGGCTATTGGGCGCCAG 
Oligo193 ATTGCGCTAACAAGCGCCAGGAGAACGA 
Oligo194 GATTCAAAAGGGGATCGTAATGTGTAGG 
Oligo195 CGCATAGGCTGGGCGTCGGTGTACAGAC 
Oligo196 AACAAATAAATCAACGGGCCTTGATATT 
Oligo197 GGGCTTAAAAAGCCTGTTTAGGTTAAAT 
Oligo198 GAGAGCTAACTCACAGTCGGGAAACCAA 
Oligo199 AAATGACGACTGGGACACCATCGATTTT 
Oligo200 TTCGGTTGTACCAAGAAGCCTTTATTAA 
Oligo201 TTGATAAATTGTGTCGGAACGAGGCGTT 
Oligo202 AGCCGCCACCCTCAGCCGCCACCAGAAA 
Oligo203 TGTGCCACAACATATGCCTAATGAGTGC 
Oligo204 GGCTGAGTGAGCGAAGCAGGCAATGCCC 
Oligo205 AAGCGAGGCAAAGAATAAAGCTAAATTA 
Oligo206 GAAAGAGCGATTATGTATCATCGCCTTC 
Oligo207 ACGCACATAATCAACCTCCCTCAGAGAA 
Oligo208 CAAGATCCGGTGTCTGTAGATGAAGGGT 
Oligo209 GACGCAACTGTTGGACGCCAGCTGGCGA 
Oligo210 CAGATTGCATCAAAATCGCGTTTTAACA 
Oligo211 CCGAACAACTAAAGATCTCCAAAAAATA 
Oligo212 TTGTATGTTAGCAATATAAAAGAAACGC 
Oligo213 GTTATAGATATAGAAGTCTAATGAAGCG 
Oligo214 TGGAAAGGGGGATGGGTTTTCCCAGTGA 
Oligo215 AGTTCGAGCTTCAATCAGGATTAGAGGT 
Oligo216 AAAAGGCTCCAAAACTTTCGAGGTGACC 
Oligo217 TAGCAAAGACACCAAAATTCATATGGCG 
Oligo218 CAAAATTATTATCTATAATGACTGATAC 
Oligo219 CATTCACCCTCAACGTCAAGCTTTATTA 
Oligo220 TGGCTTAGAGCTAGTCAGGTCATTTTTG 
Oligo221 ACAACCATCGCCGATTTGCGCCGACAAT 
Oligo222 GGAGGGAAGGTACATACATTCAACCGAT 
Oligo223 ATTCAAAATTTAGAACATCATTACGCCG 
Oligo224 AGTACCATTAAATCTTGTAAACGTTATA 
Oligo225 GCTTTAATAACATTGAACAACATTATAC 
Oligo226 GAGCCATCGGAATTCCAGGCGGATAAAA 
Oligo227 ATTTTTTCATCAATATCCCAATCCAAGG 
  
 (B) 
Oligo228 TCAAAGGTAATACATTTGAGGACGATACTCTCTTCACCGTAATCTT 
Oligo229 ATCGAACTTCGACAACTCGTAGTTCAGGTCTCTTCACCGTAATCTT 
Oligo230 AGGAAGATTTAAAAGTTTGAGTGCTGTATCTCTTCACCGTAATCTT 
Oligo231 AAATCTAACCACCAGAAGGAGATTCGGTTCTCTTCACCGTAATCTT 
Oligo232 ATTAGGAAGATGATGGCAATTATTCATTTCTCTTCACCGTAATCTT 
Oligo233 AGTTACAATACTTCTGAATAATTTGCACTCTCTTCACCGTAATCTT 
Oligo234 AAATCGCTATTACGGAGTATCTGCATGTTCTCTTCACCGTAATCTT 
Oligo235 GTATATTTTGTTAATTTTTTAACCAAGGTCTCTTCACCGTAATCTT 
Oligo236 AATACAGGTAGAAATCAACTAATGCACCTCTCTTCACCGTAATCTT 
Oligo237 AGGTGCCGTCGAGAATCACCGTACTCTCTCTCTTCACCGTAATCTT 
Oligo238 AAATAAGAAACGATCCTTTACAGAGAATTCTCTTCACCGTAATCTT 
Oligo239 GTTTTGTAAAAGCCTAAAGGAGAGTGAGTCTCTTCACCGTAATCTT 
Oligo240 CAGCTTTCATCAGGAACTGGCCTTCCTGTCTCTTCACCGTAATCTT 
Oligo241 ACTATCATAACCAGGCGCATAGTAAGAGTCTCTTCACCGTAATCTT 
Oligo242 CGCCACCCTCAGAAATCCGCCACCCTCATCTCTTCACCGTAATCTT 
Oligo243 TGAACACCCTGAGATAAGACGGGAGAATTCTCTTCACCGTAATCTT 
Oligo244 ACAGCTGATTGCGTTCACCAGTGAGACGTCTCTTCACCGTAATCTT 
Oligo245 TTGAGCTTGAAAATGTGTAGGGAAACTGTCTCTTCACCGTAATCTT 
Oligo246 CAGTCAAATCACAGTATGAGAAAGGCCGTCTCTTCACCGTAATCTT 
Oligo247 GTAATCTTGACACCACCTGACCTTCATCTCTCTTCACCGTAATCTT 
Oligo248 TGGAAAGCGCAGAGTGCTCATTAAAGCCTCTCTTCACCGTAATCTT 
Oligo249 TCAAACACTTCACAGCGATGCTGCTGAATCTCTTCACCGTAATCTT 
Oligo250 CGTTGGTTCTCCGTGGGAACAAGTAACATCTCTTCACCGTAATCTT 
Oligo251 AAATGTTCGAGAGGCTTTTGCCGATAAATCTCTTCACCGTAATCTT 
Oligo252 AACTACAAATAGGAACCCATGTTCAGGGTCTCTTCACCGTAATCTT 
Oligo253 GAAACAAAGAGATAACCCACAATTGAGCTCTCTTCACCGTAATCTT 
Oligo254 GTTTTTCTTTTCGGCTATTGGGCGCCAGTCTCTTCACCGTAATCTT 
Oligo255 ATTGCGCTAACAAGCGCCAGGAGAACGATCTCTTCACCGTAATCTT 
Oligo256 GATTCAAAAGGGGATCGTAATGTGTAGGTCTCTTCACCGTAATCTT 
Oligo257 CGCATAGGCTGGGCGTCGGTGTACAGACTCTCTTCACCGTAATCTT 
Oligo258 AACAAATAAATCAACGGGCCTTGATATTTCTCTTCACCGTAATCTT 
Oligo259 GGGCTTAAAAAGCCTGTTTAGGTTAAATTCTCTTCACCGTAATCTT 
Oligo260 GAGAGCTAACTCACAGTCGGGAAACCAATCTCTTCACCGTAATCTT 
Oligo261 AAATGACGACTGGGACACCATCGATTTTTCTCTTCACCGTAATCTT 
Oligo262 TTCGGTTGTACCAAGAAGCCTTTATTAATCTCTTCACCGTAATCTT 
Oligo263 TTGATAAATTGTGTCGGAACGAGGCGTTTCTCTTCACCGTAATCTT 
Oligo264 AGCCGCCACCCTCAGCCGCCACCAGAAATCTCTTCACCGTAATCTT 
Oligo265 TGTGCCACAACATATGCCTAATGAGTGCTCTCTTCACCGTAATCTT 
Oligo266 GGCTGAGTGAGCGAAGCAGGCAATGCCCTCTCTTCACCGTAATCTT 
Oligo267 AAGCGAGGCAAAGAATAAAGCTAAATTATCTCTTCACCGTAATCTT 
Oligo268 GAAAGAGCGATTATGTATCATCGCCTTCTCTCTTCACCGTAATCTT 
Oligo269 ACGCACATAATCAACCTCCCTCAGAGAATCTCTTCACCGTAATCTT 
Oligo270 CAAGATCCGGTGTCTGTAGATGAAGGGTTCTCTTCACCGTAATCTT 
Oligo271 GACGCAACTGTTGGACGCCAGCTGGCGATCTCTTCACCGTAATCTT 
Oligo272 CAGATTGCATCAAAATCGCGTTTTAACATCTCTTCACCGTAATCTT 
Oligo273 CCGAACAACTAAAGATCTCCAAAAAATATCTCTTCACCGTAATCTT 
Oligo274 TTGTATGTTAGCAATATAAAAGAAACGCTCTCTTCACCGTAATCTT 
Oligo275 GTTATAGATATAGAAGTCTAATGAAGCGTCTCTTCACCGTAATCTT 
Oligo276 TGGAAAGGGGGATGGGTTTTCCCAGTGATCTCTTCACCGTAATCTT 
Oligo277 AGTTCGAGCTTCAATCAGGATTAGAGGTTCTCTTCACCGTAATCTT 
Oligo278 AAAAGGCTCCAAAACTTTCGAGGTGACCTCTCTTCACCGTAATCTT 
Oligo279 TAGCAAAGACACCAAAATTCATATGGCGTCTCTTCACCGTAATCTT 
Oligo280 CAAAATTATTATCTATAATGACTGATACTCTCTTCACCGTAATCTT 
Oligo281 CATTCACCCTCAACGTCAAGCTTTATTATCTCTTCACCGTAATCTT 
Oligo282 TGGCTTAGAGCTAGTCAGGTCATTTTTGTCTCTTCACCGTAATCTT 
Oligo283 ACAACCATCGCCGATTTGCGCCGACAATTCTCTTCACCGTAATCTT 
Oligo284 GGAGGGAAGGTACATACATTCAACCGATTCTCTTCACCGTAATCTT 
Oligo285 ATTCAAAATTTAGAACATCATTACGCCGTCTCTTCACCGTAATCTT 
Oligo286 AGTACCATTAAATCTTGTAAACGTTATATCTCTTCACCGTAATCTT 
Oligo287 GCTTTAATAACATTGAACAACATTATACTCTCTTCACCGTAATCTT 
Oligo288 GAGCCATCGGAATTCCAGGCGGATAAAATCTCTTCACCGTAATCTT 
Oligo289 ATTTTTTCATCAATATCCCAATCCAAGGTCTCTTCACCGTAATCTT 
 
